Introduction
Respiratory diestress is still an important cause of morbidity and mortality among preterm infants in spite of recent advances in its treatment and prevention [1, 2] . Although most infants with respiratory distress syndrome (RDS) have an uneventful recovery, a considerable proportionfrom 6% to 69% of those requiring respirator treatment -suffer from bronchopulmonary dysplasia (BPD), which sometimes requires hospitalization lasting several months [3 -9] . These percentages vary with the definitions used and with the composition of groups examined, which are usually selected materials from single institutions. In this report we describe the occurrence of BPD in a preterm birth cohort born in the province of Kuopio, Finland, during 1978 -82. The study area is characterized by a low rate of prematurity, government-subsidized antenatal care and regionalization of obstetric and neonatal services [10] . The role of perinatal factors and the predictive value of certain early radiologic criteria were also investigated in relation to the subsequent development of BPD. Finally, the impact of BPD on postneonatal morbidity was examined both in relation to chronic prematurity-associated conditions and to more acute diseases requiring intermittent hospital care.
neonates were born in this area. Seven hundred and twelve children (4.2%) were born prematurely at < 37 weeks of gestation. Twenty-three children with malformations were excluded from the analysis. For preterm births, the corrected perinatal mortality rate (PMR) without malformations was 123/1000 (stillbirths 91/1000, first week mortality 32/1000). Corrected neonatal and postneonatal MRs were 41/1000 and 7/1000, respectively. In this cohort, BPD was found exclusively among preterms born at or before 32 weeks of gestation [11] . Of these, 77% (91 of 118) survived the neonatal period and 75% (88 of 118) were alive at the age of two years. These children were followedup in a neonatal outpatient clinic up to at least two years of age. Developmental assessments were made at 3, 6, 12 and 24 months of corrected age.
Definitions
Entities of neonatal morbidity and care, examined in relation to BPD, consisted of intrauterine growth status, RDS, pulmonary air leaks, respirator treatment and its duration, oxygen requirement, problems of metabolic adaptation (hypoglycemia, hypocalcemia, hyperbilirubinemia) and surgical diseases, particularly necrotizing enterocolitis. The definitions where pertinent are presented in table I. In order to verify the diagnosis of both RDS and BPD, all chest X-rays of cohort members were reviewed by the radiologist (Ο. Κ.).
Postneonatal morbidity was defined as consisting of all hospital readmissions after discharge from the neonatal intensive care unit. These data were collected from the hospital records of the study children as soon as they reached the age of two years. The number, duration and causes of readmissions were documented. The readmission diagnoses were grouped as follows: chronic prematurity-associated conditions and more acute disorders, requiring intermittent care and with relatively favorable outcome.
Chronic prematurity-associated morbidity consisted, in addition to BPD, mainly of various forms of cerebral palsy (CP) and retrolental fibroplasia (RLF). BPD was diagnosed if oxygen treatment for the maintenance of normal transcutaneous oxygen partial pressure was still necessary at or after 28 days of life, and if chronic changes were present in the lungs [12] . All preterms with respiratory difficulties after extubation underwent bronchoscopy for detection of subglottic stenosis. CP was defined according to D'AviGNON et al. [13] . RLF was diagnosed and classified according to fundoscopic findings [14] . Other, non-chronic postneonatal morbidity consisted of various forms of respiratory tract infections, other infections, surgery and behavioral problems. 
Study design
Our primary aim was to assess the incidence of BPD, defined as the number of new cases of BPD per 1000 live preterm births per time period [15] , in a regionally representative preterm birth cohort.
The analysis of neonatal morbidity was begun by identifying neonatal variables which were present significantly more often among BPD (16 children) than non-BPD preterms (75 children). The non-BPD children were divided into two groups: very preterm infants born at or before 30 weeks of gestation (26 children) and more mature children born at 31-32 weeks of gestation (49 children). This design made it possible to compare the morbidity of BPD children with that associated with different degrees of gestational maturity. Only if no differences in morbidity could be shown between the non-BPD groups were they combined. Subsequently, the value of pertinent neonatal variables as predictors of BPD were estimated. Similarly, patterns of postneonatal morbidity (up to the age of two years) among BPD and non-BPD groups were compared. Chronic, prematurity-associated conditions and short-term intermittent care for more benign disorders (e. g. respiratory infections, surgical diseases and certain behavioral problems) were analyzed separately.
Increasing severity of RDS is also said to increasingly predispose preterm infants to BPD [3] . To test this hypothesis all chest X-rays (without other clinical information) taken from RDS patients (54 children) during the first three weeks were classified by a radiologist (O.K.) according to the scheme presented in table II. This scheme grades the severity of RDS, presence of respiratory complications (pulmonary air leaks) and signs of "early" (age < two weeks) or "late" (age < two weeks) cardiac decompensation associated with respiratory distress. The risk odds ratios (RORs) of these items in relation to the later development of BPD were then estimated.
Statistical methods
All statistical analyses were performed by SPSS [16] . Statistics relating to qualitative variables were analyzed using the chi square test with YATE'S correction. Statistics relating to quantitative variables were analyzed using STUDENT'S t-test, or if the distribution was not normal, with the median test. The effects of neonatal variables regarding the development of BPD were estimated by means of multiple logistic regression analysis [16] . By this method, estimates of the binary outcome variable (presence vs. absence of BPD) were calculated using either the complete model consisting of all pertinent neonatal variables or various subsets of variables. The sum of squares of deviation from the mean was calculated both for the outcome variable and its estimates. The degree to which the estimates were able to explain the variability of the observed outcome status was expressed as a coefficient of determination, calculated as the ratio of the corresponding sums of squares [17] . Similarly, the effects of early radiologic items on the future development of BPD were assessed. The risk odds ratios (RORs) which indicate the risk of subsequent BPD associated with individual explanators (examined in the presence of other variables) were calculated by multiple logistic regression analysis, using the equation exp(coeff) [16] .
Results

RDS and BPD in the preterm cohort
RDS was diagnosed in 46% of preterms born at or before 32 weeks of gestation but only in 4.4% of those born after that date. During the study period 16 cases of BPD were diagnosed. All BPD cases required respirator treatment after birth. Initially, the majority of cases (15 of 16 children with BPD) had typical RDS. Thus, the present study, like the original description of NORTHWAY et al. [12] , concentrates on BPD which develops as an extension of RDS. Another type of chronic lung disease which develops after no or minimal respiratory symptoms in preterm infants [18, 19] was possibly present in only one child (gestational age 27 weeks, birth weight 1210 g), who needed three days of respirator care because of very mild respiratory problems and had minimal radiologic signs of RDS. At the age of 28 days, all BPD cases exhibited typical diagnostic features: respiratory difficulties, increased oxygen requirement and pulmonary infiltrates [6] .
The usual radiologic picture of BPD was considerably different from extensive cystic abnormalities described in the past [12] . Only three of 15 BPD cases conformed to the very nonhomogeneous and hyperinflated appearance of NORTH-WAY'S classical Stage four [12] . In the majority of cases (13 out of 16), the ultimate form of pulmonary affection consisted of homogeneous interstitial densities (sometimes combined with irregular, bubbly changes) which obscured vascular markings and extended to the periphery of the lungs. In all, the incidence of BPD was one case per 1000 live births, or 25 cases per 1000 livebora preterms. The incidence was highest (135 per 1000) among preterms born at or before 32 weeks of gestation. The majority of BPD cases (127 cases per 1000) developed after typical RDS, while eight cases per 1000 were detected after exceptionally mild respiratory distress and very short respirator treatment.
The overall mortality of preterms born at or before 32 weeks was 22.8%. Both mortality and the occurrence of BPD declined sharply in relation to advancing gestational age (figure 1). Only three cases of postneonatal death occurred among these children, two of which were solely due to BPD and associated cardiac decompensation (cor pulmonale).
Intrauterine growth status and BPD
Even when compared with preterms of equally low mean gestational age (table III) , BPD preterms were significantly lighter. This finding was confirmed by analyzing their birth weights standardized for each gestational week group using corresponding means and standard deviations (SDs) of non-BPD children. Thus, for each gestational age group, the standardized mean birth weight of non-BPD children was 0 (SD 1), whereas the standardized mean birth weight of BPD children was significantly lower at -0.67 (SD 1.1) (p < 0.05).
Neonatal morbidity and BPD
After birth the morbidity of BPD children was markedly higher than that of non-BPD groups (examined either separately or together) (table I) . In particular, BPD children had more perinatal asphyxia, more neurologic symptoms, prolonged need for high (100%) oxygen and more pneumonias than their non-BPD counterparts. BPD children also differed from non-BPD children in respect of requirements and duration of special neonatal care (table IV) . In the non-BPD groups, the requirements and duration of neonatal care were similar despite of different gestational maturity.
Neonatal variables as predictors of BPD
In spite of several significant differences, few neonatal variables were in fact useful clinical predictors of BPD. The neonatal items presented in table V explained 88% of the observed variance of outcome status (that is, presence or absence of BPD at the age of 28 days). The "best" predictors for subsequent development of BPD were prolonged The "best" predictors together (presence of severe alveolar atelectasis at birth and cardiac enlargement during the first two weeks of life) explained 54% of the variance of outcome status.
Postneonatal morbidity associated with BPD
Preterms with BPD had markedly higher morbidity, also during the postneonatal period (up to two years), than the non-BPD children (table IV) . This includes not only chronic prematurity-associated conditions but also hospital readmissions because of intermittent short-term care, particularly for respiratory infections. All subgroups of respiratory tract infections were more common among BPD children than their non-BPD counterparts (figure 2).
Among the BPD group, the proportion of children with one or more readmissions to hospital was significantly greater than among non-BPD groups (table IV) . The median duration of postneonatal hospital care was significantly longer in the BPD group than in either of the non-BPD groups. On the other hand, the overall duration of readmissions among both non-BPD groups was equally short in spite of their different gestational maturity. In all, the BPD group, which consisted only of 18% of all neonatal survivors born at < 32 weeks consumed 53% of all hospital days used in the postneonatal care of these children during the first two years of life.
Discussion
An appropriate definition of the population "at risk" for BPD is clearly of prime importance for comparative purposes and the planning of interventions. Gestational immaturity is the main prerequisite for the development of BPD [3] . Similarly to previous reports [4, 6] , we decided not only to relate the occurrence of BPD to a complete preterm birth cohort but also to explore more precise defintions for the population at risk. In a previous study [6] , this population was defined by low birth weight (< 1500g), the incidence of BPD among such preterms being 140 cases per 1000. Instead of birth weight we used gestational age (< 32 weeks) and detected a remarkably similar incidence of 135 BPD cases per 1000 preterms born at or before 32 weeks. While all BPD cases were born at or before 32 weeks, the majority (88%; 14 of 16 BPD children) would have been detected even if birth weight < 1500 g had been used as the cutoff point. Thus, either of the above definitions (birth weight < 1500 g or gestational age < 32 weeks) seems appropriate for identifying the preterm population at risk for BPD.
Our cases with BPD were mainly derived from preterms who suffered from typical RDS after birth. Only one of 16 cases had a history of minimum respiratory distress and very short respiratory treatment before clinical and radiologic signs of BPD slowly appeared. The incidence of such "chronic lung disease of prematurity" [18, 19] was much lower than that of BPD developing after typical RDS in our preterm birth cohort (8/1000 vs. 127/1000, respectively). More data on both types are required to estimate more reliably the overall occurrence of chronic lung disorders of prematurity and to clarify possible differences in their pathophysiologic mechanisms [3] .
According to our experience, reliable identification of individual BPD candidates early in the course of disease seems rather difficult. While simple clinical indicators of grave respiratory distress (e. g. prolonged need for 100% oxygen immediately after birth) are associated with a high relative risk for BPD, the predictive value of other aspects of neonatal morbidity regarding the future development of BPD is weak. Further radiologic classification of RDS as severe, moderate or mild, as well as the grading and timing of accompanying cardiologic signs did not enhance their predictivity. However, the present data suggest that restricted intrauterine growth (IUGR) deserves further investigation as a possible risk factor of BPD. The unfavourable effects of IUGR on neonatal wellbeing [20, 21] and on the developmental prospects [22, 24] of preterm infants have also been recently established.
The follow-up of BPD children should receive adequate attention. Paradoxically, the initial course of BPD survivors during the neonatal period may even appear favorable, being characterized by a gradually declining need for supplementary oxygen [4, 6, 7] . In this study the majority (75%) of BPD cases were weaned off oxygen before term, and none were sent home on oxygen [11] . Still, even after discharge from the neonatal intensive care unit the BPD group continued to use more hospital care than their non-BPD counterparts, in particular for various respiratory infections. Respiratory problems are, however, only one facet of BPD-associated postneonatal morbidity. In our study, all preterms with retrolental fibroplasia belonged to the BPD group. More than one third of BPD survivors had some form of neurologic sequelae. This is in accordance with previous reports [4, 25] , which have also shown a predominance of milder neurologic problems in BPD children at preschool age [26] . In order to detect such problems, appropriate tests before school entrance are necessary [24] , and should be arranged for every BPD patients as for other severely ill newborns.
Abstract
The occurrence, predictive factors and associated morbidity of bronchopulmonary dysplasia (BPD) was examined in a preterm birth cohort of 712 children, born before 37 weeks of gestation to residents of a geographically defined area between 1978-82. All cases of BPD (N = 16) were born at or before 32 weeks of gestation. The incidence of BPD, based on status at the age of 28 days, was 1 per 1000 live births, but 135 per 1000 live preterms born at or before 32 weeks. Most cases of BPD developed following respiratory distress syndrome (RDS), only one case developing after minimal respiratory symptoms was observed. BPD infants had higher neonatal morbidity, even when compared with preterms of equal gestational maturity, but only a few variables Keywords: Bronchopulmonary dysplasia, preterm infants.
had predictive value with respect to the future development of BPD. Radiologie grading of RDS and associated early cardiologic signs did not increase their predictivity regarding the subsequent development of BPD. Two (12.5%) of the 16 BPD infants died postneonatally. The unfavorable effects of BPD on the health status of preterm infants extended far beyond the neonatal period. The BPD group, which consisted only of 18% of neonatal survivors born at < 32 weeks, consumed 53% of all hospital days used by these preterms during the first two years of life. In particular, BPD survivors had markedly more respiratory infections (63%), more neurologic sequelae (37%) and more cases of retrolental fibroplasia (12%) than their non-BPD counterparts. En periode post-neonatale, jusqu'ä Tage de deux ans les infections ä repetition de l'arbre respiratoire (63%), les sequelles neurologiques (37%) et la fibrodysplasie retrolentale (12%) sont plus frequentes chez les prematures avec D. B. P. que chez les enfants de maturite gestationnelle similaire sans D. B. P. La mortalite post-neonatale des D. B. P. est de 12%. Ces donnees montrent que soit un äge gestationnel ^ 32 semaines soit un poids de naissance < 1500 g peuvent etre utilises pour definir des populations de prematures ä risque de D. B. P. Tandis que tous nos cas de D. B. P. sont nes a ou avant 32 semaines de gestation, la majorite (88%; 14 des 16 enfants avec D. B. P.), aurait ete detectee si un poids de naissance < 1500 g avait ete utilise comme limite. Les D.B.P. se developpant apres un S.D.R. typique sont plus havituelles (incidence de 127 pour 1000) que la «maladie pulmonaire chronique du premature» qui apparait lentement apres peu ou pas de symptomes respiratoires (incidence de 8 pour 10). De plus amples donnees sur les deux types sont encore necessaires et de facon urgente pour confirmerl'occurence globale des affections pulmonaires chroniques chez les prematures et pour clarifier les differences possibles de leurs mecanismes physio-pathologiques. II faudrait preter plus d'attention au suivi des prematures avec D. B. P. pour combattre la morbidite a long terme et ä large spectre qui accompagne cette pathologic.
